Leaf discs of broad bean (Vicia faba L.), peeled on the spongy mesophyll side, rapidly altered the pH of the surrounding medium (apoplast). Using pH indicator paper appressed against the leaf, immediately after peeling, initial apoplastic pH was estimated to be 4.5. Changes in the apoplastic pH were measured with a microelectrode placed into a 100-microliter drop of an unbuffered solution (2 millimolar KCI, 0.5 millimolar CaC12, and 200 millimolar mannitol) on the peeled surface. Discs acidified the medium until the pH stabilized at about 5.0 (about 10 minutes). Acidification was inhibited by 50 micromolar sodium vanadate, an inhibitor of the plasmalemma H'-ATPase and attenuated by omitting the osmoticum or potassium ions from the medium. Fusicoccin (10 micromolar) greatly enhanced the rate of acidification. The presence of 0.1 to 1 micromolar gibberellic acid resulted in a slower rate of medium acidification. Gibberellic acid appeared to modulate the activity of the H'-translocating ATPase located at the plasma membrane of the mesophyll cells.
Extracellular pH plays various regulatory roles in several physiological processes in plants. For example, the acid-induced growth hypothesis relates auxin action in elongating coleoptiles to cell wall acidification (14) and cell expansion in bean leaves is related to proton secretion into the apoplast ( 17, 18) . Furthermore, transport of amino acids, sugars and other solutes across the plasmalemma is known to be a H+-cotransport mechanism, a process which is highly dependent on the pH gradient across the plasma membrane (5, 11, 13, 15, 19) . Accordingly, pH sensitivity of sucrose uptake in various species is interpreted to be consistent with the H+/sucrose cotransport mechanism operating in different tissues including phloem (3, 6, 7 , and references therein).
Recently, we reported (1) the stimulatory effect of GA3 on sucrose export out ofattached Viciafaba source leaves, indicating a role for GA3 in the regulation of phloem loading and translocation rates. Combining in vitro and in vivo expermimental approaches, Daie et al. (2) have also shown a direct effect of GA3 on sucrose loading in celery. Furthermore, a stimulatory effect of GA3 on the activity of proton-translocating ATPase was reported for isolated phloem of celery (4) . These data collectively suggested that GA3-enhancement of phloem loading may be mediated through the modification of the H+ gradient across the plasmalemma.
In the present study, we examined the effects of GA3 on the acidification of the external medium by Vicia faba leaf discs. The data suggest that GA3 regulates the apoplastic pH.
MATERIALS AND METHODS Plant Material. Vicia faba L. (cv. Broadwinsor) plants were grown in the greenhouse in 3-L pots containing a 7:3 sand:peat mixture and were irrigated daily with a complete nutrient solution. Day and night temperatures were set at 25 and 18°C, respectively. A 16-h photoperiod was provided using incandescent and fluorescent lamps with photon flux density of approximately 500 ,umol m-2 s-' at the canopy level. Vegetative 30-dold plants were used in this study.
Disc Preparation and pH Measurement. Fully mature, photosynthetically active leaves were detached after which the lower epidermis (spongy mesophyll side) was peeled. Discs 7 mm in diameter were obtained with a sharp cork borer and pooled in a small container maintained at 100% relative humidity until they were used in experiments.
For pH monitoring, discs were positioned upside down and the peeled side of the disc was immediately covered with 100 JAL of a buffer-free basal solution coVitaining 200 mm mannitol, 0.5 mM CaCl2, and 2 mm KCI. A combination pH Microelectrode (microelectrodes, inc., Londonderry, New Hampshire) was then placed in the solution such that no direct contact ofthe electrode with cells would occur. Initial pH of the solutions was adjusted with 0.1 N NaOH and changes in the pH were recorded at 15-s intervals. Experiments were carried out in duplicate under ambient laboratory light and temperature conditions. Time course response of each treatment was repeated eight times. The data presented are results from a representative experiment.
RESULTS AND DISCUSSION Apoplastic pH. It is generally believed that the pH of the free space in leaves is in the range 5.0 to 5.5 (8) . These values have been estimated by measuring the pH of an unbuffered solution in which the tissue has been submerged for a relatively long incubation period (hours). A drawback of this technique is the excessively large solution volume and the fact that pH values represent an average pH value for a large mass of cells. To estimate the initial apoplastic pH, without major perturbation of the system, pH indicator paper was placed on a small area of the peeled side of the leaf immediately after peeling. In this manner, the measured pH most likely represents that of the spongy mesophyll cells. The color of the wet paper indicated a pH of approximately 4.5, a value lower than what has been reported with incubation techniques. While contents of ruptured cells may have contributed to pH estimation, discs were not washed prior to pH measurements, to minimize alterations in the apoplastic milieu.
When experimental solutions were placed on V. faba leafdiscs, depending on the initial pH of the solution (adjusted with 0.1 N NaOH), acidification of external medium was observed until an "equilibrium" pH was reached. Depending on the initial pH, "6equilibrium" was reached at different rates. If the initial pH was adjusted to 6.0, within 10 min, the external pH "equilibrated" to 5.0 to 5.2 (Fig. 1) . Therefore, media acidification occurred at a rate of 0.42 pH unit h-' (mg fresh weight)-'. Lower "equilibrium" pH (4.7) was obtained only when the initial pH was adjusted at 5.0. An equilibrium pH of 4.7 indicated that the tissue was capable of bringing the apoplastic pH below 5.0, near the values estimated with pH indicator paper.
Acidification of the media suggested enhanced proton extrusion. However, mesophyll cell rupture due to epidermis removal or leakage of cell contents may have resulted in altered external pH. To determine in a more direct way if media acidification was due to proton extrusion rather than general leakage of acidic compounds from compartments such as the vacuole, sodium vanadate, a specific inhibitor of the plasmalemma H+-ATPase (12) was added to the solution. No acidification of the media was observed in the presence of 50 jLM sodium vanadate (Fig. 2) .
Furthermore, fusicoccin a potent enhancer of the plasmalemma HI+-ATPase activity (10) caused a rapid and significant acidification ofthe solution (Fig. 2) . Considering the fact that inhibition or enhancement of acidification was observed in the presence of vanadate and fusicoccin, respectively, the data suggest that the pH changes of the external medium were due to changes in proton pumping activity, and not to nonspecific cellular leakage. 88, 1988 (osmoticum) or KCI from the test medium resulted in an attenuation of the acidification rate (Fig. 3) . This observation is consistent with our previous work with celery and sugar beet (4, 20) indicating that high cellular turgor (generated by exposing the tissue to solutions having low osmotic concentration) inhibits the activity of the H+-translocating ATPase. Inhibition of media acidification in the absence of K+ ions may have been due to a K+ requirement of the H+-ATPase for optimal activity (16) or involvement of a K+/H+ antiport across the plasmalemma of mesophyll cells, similar to the membrane ATPase-driven H+/K+ antiport system present in corn root protoplasts ( 19) .
Effect of GA3. When 1 O' or 10-6 M GA3 was added to test solutions adjusted to pH 6.0, lower rates of acidification were observed compared to untreated discs (Fig. 4) . Furthermore, GA3 treatment of discs exposed to an initial pH of 5.0 and subsequently shifted to pH 6.0 by replacing the medium produced similar results (Fig. 5) . Clearly, tissue response to GA3 was very rapid and was apparent within 30s, suggesting that GA3 was readily accessible to its site of action. It is assumed that GA3 would reach mesophyll cells before reaching sieve element/ companion cells, therefore, rapid changes in H+-pumping activity were most likely occurring in these cells.
GA modification of H+-ATPase is in general agreement with the reported observations that fusicoccin, IAA, and GA3 increase 6 ['4C]sucrose uptake in leaf discs (7, 10) and isolated phloem segments (1) . However, it is in contrast to the observed GA3 enhancement of the H+-ATPase activity in isolated phloem segments of celery (4) . It should be pointed out that, in the latter study, the initial pH at which the hormone was added was 6.5 to 7.0; therefore, the enhanced sucrose uptake was attributed to a GA3-induced enhancement of H+-ATPase resulting in apoplastic pH alterations to near optimum for phloem loading. Furthermore, apparent "opposing" effects of GA3 observed in a phloemenriched tissue (phloem segments) versus a tissue with the bulk of the volume occupied by mesophyll cells is not entirely unexpected, since the former is committed to sucrose influx, while the latter is committed to sucrose efflux.
The possibility remains that the observed GA3 effects were in response to tissue wounding (removal of epidermis), i.e. GA3 would attenuate wound-induced proton extrusion. Considering data of Daie (4) and Aloni et al. (1) and if proton extrusion is not related to a wound response, it is tempting to speculate that GA3 effects in source leaves are related to generating conditions 369 that are optimal for sucrose efflux from mesophyll cells and sucrose influx into the sieve element/companion cells.
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